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(57) Abstract 

An electrochemical cell case and method of 
manufacturing an electrochemical battery are pro- 
vided. The cell case includes a main body (10) that 
encloses a plurality of individual cells in separate, 
contiguous compartments (20, 30, 40, 50, 60), the 
compartments (20, 30, 40, 50. 60) are hermetically 
sealed. The compartments (20, 30, 40, 50, 60) may 
be separately filled and vented, and the cell of each 
compartment receives end connectors such as rivet 
connectors. The elements are electrically intercon- 
nected, such as in a series of configuration. A top cap 
(80) attaches to the main body, and encloses the inter- 
connected cell terminals. The top cap (80) may also 
enclose other electronics, such as battery recharging 
circuitry or a temperature sensor. The top cap (80) 
may be sized and shaped to mate with connectors on 
specific electrical devices, and may be removable so 
that another top cap (80) may be installed for use 
with another device. 
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PATTERYPASE 

FIELD QF THE INVErfTIQN 

The present invention relates to the field of electrochemical battery 
cells and cell cases, and more particularly to a battery that contains a 
plurality of lead-acid cells in separated gas spaces and that may 
interchangeably mate with a variety of electrical connectors such as those 
integrated within power tools. 

BACKGROUND OF THE INVENTION 

The use of portable, rechargeable electrochemical cells has been 
rapidly increasing in recent years. With developments in rechargeable 
battery technology, rechargeable batteries are used for power not only in 
traditional areas such as flashlights and small electronic devices but also 
in heavy duty power tools, temporary power sources, and even vehicles. 
Of course, rechargeable batteries are also widely used in the starting 
systems of internal combustion vehicles and tools. Many of the 
rechargeable batteries in use today are nickel-cadmium, nickel-metal 
hydride or lithium batteries. Recent advances in lead-acid batteries, such 
as those disclosed in U.S. Pat. No. 5,047,300 to Juergens and assigned 
to the assignee of the present invention, have increased the utility and the 
popularity of portable, rechargeable lead-acid battery systems. 

Of course, some case or housing must be used to contain the cells 
that comprise a battery so that the cells' electrical energy may be safely 
and conveniently used and transported. Since many uses require the 
battery to be frequently recharged, the battery should be easily 
manipulate between a battery-powered device and a recharger. It is also 
desirable that a battery be compatible, perhaps with adaptations, with a 
variety of the connectors that are often found on battery-powered devices, 
so that the same battery may potentially be used with many different 
devices. A case that contains several cells is often termed a "battery 
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pack" or a "power pack." In the present application, It should be 
understood that what is referred to as a "battery case" may contain 
several electrochemical cells, wherein each cell may comprise a plurality 
of electrodes or, for example, two long spirally-wound electrodes. 

Many rechargeable battery cases and rechargers and tools useful 
therewith have been developed, and these devices address a variety of 
uses. U.S. Pat Nos. 5,144,217 and 5,391,972 to Gardner et al. disclose 
a combination battery back/recharger wherein the charger may 
accommodate several battery configurations. U.S. Pat No. 5,200,280 to 
Karasa discloses a device that surrounds a battery to prevent accidental 
discharge. U.S. Pat No. 4,339,201 discloses a battery case to prevent 
terminal short-circuiting. U.S. Pat. Nos. 4,871,629 to Bunyea; 3,883,789 
to Acheribach et al.; 3,999,110 to Ramstrom et al.; 5,368,954 to Bruns; 
5,213,913 to Anthony et al., 5,208,525 to Lopic et al.; 4,084,123 to 
Lineback et al.; 5,089,738 to Bergquist et al.; 5,336,953 to Alleman; 
4,616,169 to Proffitt; 4,447,749 to Reeb, Jr. et al.; 4.339,201 to Nagahara; 
and 3,757,194 to Weber et al. disclose latching arrangements and other 
mechanical and electrical connections between battery cases and electric 
devices. 

U.S. Pat. No. 4,751,452 to Kilmer et al. discloses a battery case that 
precludes the battery from attempted recharge when the battery is of a 
non-rechargeable type. U.S. Pat No. 5,296,314 to Millauer provides a 
battery case keyed to provide the appropriate voltage to selected electric 
devices. 

None of these prior art devices, however, address the difficulties 
associated with lead-acid cells, such as filling, venting, and attaching end 
connectors. Some of these devices are meant to function in several 
electric tools; however, none of these devices are designed to allow the 
same unit of cells to be adapted to a variety of tools by substituting 
external connectors. 

SJ IMMARY OF THE INVENTION 
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The present invention includes a cell case (sometimes called a 
"monoblock*) that houses a plurality of electrochemical cells, preferably of 
the lead-acid type. The individual cells are located in hermetically-sealed 
compartments, so that there is no atmospheric communication between 
the several cells. The cells are electrically connected to each other, such 
as in a series configuration, so that they may be attached to a tool or 
other electrically-powered device and function as one electrical unit The 
monoblock includes interchangeable adapters including electrical 
connectors, so that the same cells may be used with a variety of tools or 
other devices. The adapters may also include electrical circuitry, such as 
recharging circuitry. If included, the recharging circuitry may incorporate 
a variety of features, such as a heat sensor or a voltage sensor that 
modulates the battery charging parameters, such as time of charge and 
charge current, to the charging condition of the battery. For example, a 
cutoff circuit such as described in U.S. Patent Application No. 08/079,056, 
assigned to the assignee of the present invention, may control the 
monoblock battery charging. Other circuity may be included in addition to 
or instead of a charger, such as a safety cut-off that electrically 
disconnects the battery if the battery temperature exceeds a preselected 
value. 

The individual electrochemical cells are preferably spirally-wound 
ultra-thin plate lead acid cells, which allow for about twice the useable 
energy of competing cells, such as nickel-cadmium cells, at high 
discharge rates. The increase in usable energy primarily results from the 
lead-acid cells' ability to supply a relatively constant voltage as the cells 
discharge. Nickel-cadmium cells, in contrast, lose a significant amount of 
voltage during discharge, so that much of the energy theoretically 
available may not be supplied at a power level sufficient for many 
applications. For instance, nickel-cadmium batteries may not be able to 
supply the voltage required to provide enough torque to a drill to allow the 
drill to penetrate many materials or to spin the drill bit fast enough to 
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provide satisfactory drilling speeds after the cells have become partially 
discharged. 

The monoblock is preferably constructed of several components that 
allow for the lead-acid cells to be essentially permanently grouped 
together, and for interchangeable adapters to be connected thereto. The 
monoblock also allows for the cells to be filled with electrolyte and to vent 
gas that may form within the cells, and to contain any electrolyte that may 
otherwise leak from the cell. The central unit consists of connected 
plastic containers, where each container is shaped to hold an individual 
spirally wound cell. The containers are preferably arranged in an array of 
rows and columns, so that the monoblock will have a rectangular block- 
like shape. The containers are preferably cylindrical, so that interstices 
are formed between the rows and columns. These interstices allow a 
sensor, such as a temperature sensor, to be inserted into the core of the 
monoblock. 

The containers are manufactured with open-ended bottoms, so that 
the spirally wound cells may be inserted through these bottoms into the 
containers. After the cells are inserted into the container, a bottom cover 
plate is attached to the bottom of the containers, so that cells are sealed 
within. The bottom cover plate contains ventilation ports, such as Bunsen 
valves, beneath each container, so that excess gas may be released. 
Additionally, the cover plate contains a hole beneath each container, so 
that an end connector may be attached to each cell. Preferably, two rivet- 
type end connectors are used within each cell, one each for the positive 
and negative connectors. A bottom cap is attached beneath the cover 
plate to form the bottom surface of the monoblock. The bottom cap 
encloses the electrical connections between the cells, as well as any 
electrolyte that may happen to leak from the battery. Absorbent, 
foraminous material may be placed between the bottom cap and the cover 
plate to absorb any leaked electrolyte. The bottom cap preferably also 
includes ventilation ports, to release any gas that is vented from the 
containers into the area between the cover plate and the bottom cap. The 
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cover plate may be attached to the containers by any of several suitable 
methods, such as ultrasonic or thermal welding or by adhesives. The 
bottom cap may be similarly attached to the cover plate. 

The main body contains an integral top that forms the top of each 
container. Above each container, the integral top has two holes. One 
hole receives a rivet that serves as the electrical connector of the 
opposite polarity from the connector that attaches to the container bottom. 
The second hole is a fill port that allows electrolyte to be introduced into 
each container. After the electrolyte has been introduced, this fill port 
may be sealed, such as by a plug. 

A top unit removably attaches to the main body, and serves several 
functions. The top unit has two electrical connectors that mate with the 
electrical connectors of the main body. As described above, the electrical 
connectors of each cell are connected to one another, such as in a series 
configuration. The positive and negative connectors of the series 
assembly mate with the positive and negative connectors, respectively, of 
the top unit. The top unit is physically configured to mate with a specific 
electric tool or family of tools. It may also contain additional electrical 
features such as a recharger or a temperature sensor, or both. The top 
unit may be removed from the main body, allowing a user to power 
different battery operated devices. Another top unit that physically 
connects with another electrical device may be mounted onto the main 
body, and the monoblock may again be used. 

It should therefore be appreciated that the present invention allows a 
group of batteries, specifically lead-acid batteries, to power a variety of 
battery powered devices. The invention provides a safe, durable, and 
convenient method of combining a number of lead-acid batteries together, 
and may include supplementary electronics such as a recharger. 

RRIEF DESCRIPT ION OF THE DRAWINGS 

FIG. 1 is a side elevation view of an embodiment of the present 
invention. 
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FIG. 2 is bottom plan view of the main body of the present invention. 
FIG. 3 is a top plan view of the main body of the present invention. 
FIG. 4 is a top plan view of the bottom cover of the present invention. 
FIG. 4A is a detailed side profile view of a Bunsen valve of the bottom 
cover. 

FIG. 5 is top plan view of a top cap according on one embodiment of 
the present invention. 

FIG. 6 is a top plan view of the bottom cap of the present invention. 

FIG. 7 is a diagrammatic horizontal cross section of the 
electrochemically active components of a spirally wound cell of the type 
preferably contained within the main body of FIG. 1 . 

FIG. 8 is voltage discharge graph comparing of the performance of a 
battery according to present invention with a competing battery. 

FIG. 9 is a perspective view of the present invention. 

HFTAILFD DESCRIPTION OF THE INVENTION 

Referring to FIG. 9, an embodiment of the present invention has a 
main body 10 that includes a plurality of connected cell compartments. As 
can be seen in FIGs 1 and 2, the main body 10 includes six 
compartments, 20, 30, 40, 50, and 60, arranged in two rows and three 
columns. Each compartment may enclose a separate electrochemical 
cell, such as representative cell 22 contained within compartment 20. The 
compartments are contiguous, and each compartment has a sidewall that 
is partially shared with a portion of a neighboring, contiguous 
compartment. For instance, compartment 20 shares a portion of its 
sidewall with compartment 30 and also shares a portion of its sidewall 
with compartment 50. 

The main body 10 includes an integral top 80 that covers each of the 
compartments (see FIG. 3). The top 80 contains two openings associated 
with each compartment. One opening, such as opening 84 associated 
with compartment 20, is a fill port that allows electrolyte to be added to the 
cell 22. The second opening, such as opening 82, also associated with 
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cotnpartment 20, allows the insertion of a cell terminal so that the 
electricity produced within each compartment may be utilized. Preferably, 
the terminal is a rivet connector of the type disclosed in U.S. Patent 
Application No. 08/534,790. 

The top 80 also contains two additional openings 86, 88 that extend 
between compartment groupings. The compartments are preferably 
cylindrical, so that a separation exists at the compartment interfaces. The 
openings 86, 88 allow ventilation through the top 80 along the entire 
depth of the compartments. Optionally, a temperature sensor (not shown) 
may be inserted into either the opening 86 or the opening 88. The cells 
may be disconnected from their load if the sensor indicates that the 
battery is operating at an unsafe or otherwise undesirable temperature. 

With' reference to FIG. 2, the bottom of the main body 10 is essentially 
open, allowing the cells (such as cell 22) to be inserted into the 
compartments (such as compartment 20). The cells cannot be inserted 
from above, because the integral top 80 substantially blocks access to the 
compartments. After the cells are inserted into the compartments, a 
bottom cover plate 90 is attached to the bottom of the main body 10 in 
order to contain the cells within the compartments (see FIG. 4). The 
bottom cover plate 90 has the same cross sectional dimensions as the 
main body 10, and may be attached thereto by ultrasonic or thermal 
welding, adhesives, or other suitable means to form an hermetic seal. 

The bottom cover plate 90 has two openings associated with each 
compartment. The first opening, such as opening 92 associated with 
compartment 20, allows the insertion of a cell terminal into the 
compartment. This corresponds to the opening 82 in the top sheet 80. 
However, the cell terminal inserted through the opening 92 will be 
connected to plates of opposite polarity than is the separate terminal 
inserted through the opening 82. 

The second opening, such as opening 94 associated with 
compartment 20, serves as a valve that vents the compartment 20 of 
excess gas that may develop therein during the chemical reactions. 
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Preferably, the opening 94 is through a valve stem 96 that projects 
downwards from the bottom cover plate 90 as shown in the detail of FIG. 
4A While many one-way valves may be used, a Bunsen valve is 
preferred because of its simplicity and reliability. In a Bunsen valve, an 
elastomeric sheath 95 is fitted over the valve stem 96. When the gas 
pressure within the compartment 20 exceeds the external gas pressure, 
the sheath 95 is displaced from the valve stem 96, so that gas may be 
vented from the compartment 20. When the pressure within the 
compartment 20 is reduced to closer to the ambient pressure, the 
elastomeric quality of the sheath 95 causes it re-seat onto the valve stem 
96. 

Referring to FIG. 6, a bottom cap 100 attaches beneath the cover plate 
90. The bottom cap 100 has substantially the same cross sectional 
dimensions as the bottom cover plate 90. A raised ridge 102 surrounds a 
central platform 104 of the bottom cap, so that the ridge 102 contacts the 
bottom cover plate 90 and the central platform 104 is spaced away from 
the cover plate 90. This space between the bottom cover plate 90 and the 
bottom cap 100 provides space for routing terminal connector wire to 
connect the bottom terminals of the cells contained in the compartments, 
so that the electronics are shielded from exterior contact Additionally, the 
space maintained between the cover plate and the bottom cap serves as 
a reservoir to collect any electrolyte that may leak from the cells. 
Foraminous, absorbent material may be included in the space 106 (see 
FIG. 1) between the bottom cover plate 90 and the bottom cap 100 to 
absorb any leaked electrolyte. However, the type of lead^acid cells 
preferably contained within the compartments maintain electrolyte 
absorbed within separator material of the cell, so that electrolyte leakage 
is uncommon. The bottom cap is preferably perforated, such as with 
micro-perforations 108, to allow any pressure caused by gas transport 
through the valve stem openings to escape. 

A variety of top caps, such as top cap 1 10, may fit over the top 80 of 
the main body (see FIG. 5). The top cap 1 10 provides the electrical 
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conneclors that join the battery terminals of the cells contained within the 
main body 10 to an electric tool or other device. Two terminal cutouts, 
1 12. 1 14, are formed in the top cap 1 10. The terminals may take a variety 
of forms depending on the specific application. For instance, rf the battery 

5 is to be used as a starter power source for a vehicle, such as a 

motorcycle, simple lugs may protrude from or be accessible through the 
cutouts 112, 114. 

More specialized connectors may be used to connect with specific 
connectors for other applications. Preferably, the top cap is removable 

io from the top 80. A variety of top caps may then be used with the same 

main body 10, allowing the same battery to be used in a variety of 
applications. The top caps will vary in size, shape and type of electrical 
connectors, depending on the application. The attachment between top 
caps and the top 80 may be any suitable means, such as by adhesive 

15 ultrasonic welding or screw. 

A sensor cutout 116 may also be formed in the top cap, directly above 
the opening 86 that extends between the compartments 20, 30, 50, and 
60. The sensor cut out 1 16 provides an opening through which a sensing 
probe may be inserted into the core of the main body 10. The operation 

20 of the battery may be controlled depending upon parameters such as 

temperature that may be sensed by the sensor probe in the opening 86 
(see FIG 3). 

While the present battery has application with a variety of 
electrochemical cells, it is particularly suited for use with an embodiment 

25 of the lead-acid cells of the type described in co-pending application 

08/534,790 and the other U.S. applications and patents in the chain of this 
application, the contents of which are hereby incorporated. With 
reference to FIG. 7, such batteries are generally spirally wound, and 
include a negative plate 180 and a positive plate 190 that are separated 

3 o from each other by separator material 200. Acceptable active positive 

plate materials include, among others, sulfated lead pastes, PbO, Pb 3 0 4 , 
or teady oxide. Acceptable active negative plate material includes, among 
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others, sulfated lead paste, PbO f or leady oxide. An example of suitable 
separator material is a glass mat composed of microfiber material 
consisting of 90% fibers 1 to 4 microns in diameter and 10% fibers that 
are somewhat larger. 

As described in co-pending application 08/534,790, the cells 
preferably use cast-on end connectors to connect the positive and 
negative plates of each cell to their respective terminals. For example, a 
rivet extends through opening 82 (see FIG. 3) into the compartment 20 
(see FIG. 1 ), and contacts the cast on connector. Expanding the rivet . 
mandrel causes the body of the rivet to form a strong interference fit with 
the cast-on connector. The fit between the terminal and the connector is 
further strengthened by an elastomeric sleeve disposed between the 
connector and compartment 20. The expansion of the rivet compresses 
the elastomeric sleeve, thereby forming a fluid seal around the 
compartment opening 82 as well as a mechanically and electrically strong 
connection. 

The cell contained within compartment 20 is filled by introducing 
electrolyte through fill port 84. Perforations in the cast-on connector allow 
the introduced electrolyte to disperse within the region of compartment 20 
containing the plates and separator. After the compartment has been 
filled, the fill port 84 is permanently sealed, such as by welding or 
otherwise attaching a connector plug into the fill port 84. 

Venting of the compartment 20 is preferably accomplished by the 
venting opening 94 located in the valve stem 96 of the bottom cover plate 
90. 

While a preferred embodiment has been described, it should be 
apparent that many variations could be made to the monoblock that would 
not essentially alter its functionality. As one example, some of the 
components that have been described as being placed on the top of the 
monoblock could be placed on the bottom, and vice versa. 

Example 
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A monoblock according to the present invention was constructed using 
six one-inch diameter cells with a depth of 2.350 inches. The lead-acid 
cells were of the type described in the above referenced patents and 
applications of which this application is a continuation-in-part The 
monoblock was used to power a drill to repeatedly drill holes through a 
wooden test board. Referring to FIG. 8, curve A shows the voltage across 
the board as a function of time. Curve B shows the voltage versus time 
results of a nickel-cadmium battery pack of the same approximate size, 
subject to the same test conditions. The results indicate a much more 
rapid decline in voltage for the nickel-cadmium battery. Energy within the 
nickel-cadmium battery may not be available at sufficient voltages to 
satisfy certain applications. The monoblock of the present invention, in 
contrast, supplied most of its energy at useable voltages. The voltage 
was maintained within 10 per cent of a nominal rating for about 350 
seconds; the voltage began to rapidly decline at about 370 seconds. 



Nsoocia <wo eerei82Aij_> 



SUBSTITUTE SHEET (RULE 26) 




30 40 




FIG. 3 

SUBSTITUTE SHEET (RULE 26) 



WSDCCIO <WO 8S32182A1 I > 



WO 98/32182 



2/3 



PCMJS98/00811 




FIG.6 



SUBSTITUTE SHEET (RULE 26) 



COOCID: <WO 9832162A1J_> 



WO 98/32182 



PCT/US98/00811 



3/3 


































































































































































\ 











S 

XL 

o 



TIME- SECONDS 
FIG. 8 




FIG. 9 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



tBtemtoooaJ appfaaboa No. 
PCTAISmmil 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC(6) :K01M 2/10 
USCL *29/99.l00 

Patent Cbanficarfoa (IPC) or to both 



■ad IPC 



a FIELDS SEARCHED 



Minimum documentation aearched (d 
US. : 429/99,100. 163, 123, 176. 171, 62 



followed by 



Documeatatioo tearabed Mber dua i 



toft* 



« Oat web dosasaota «• mckMsd b 



itvck (bum of data bum aad, when 



• MM) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Categoty* 



Citation of document, with 



of tbt ralcvaal 



No. 



A 
A 
A 

A 
A 
A 



US 3,918,460 A (KING ET AL) U November 1975 
US 4,097,654 A (GUAZZON1) 27 June 1978 
US 4,599,283 A (THIELE ET AL) 08 July 1986. 
US 5,437,938 A (MITSUI ET AL) 01 August 1995. 
US 5,476,731 A (KARSTEN ET AL) 19 December 1995 
US 5,489.486 A (GLOVER) 06 February 1996. 



none 
none 



none 



none 



| | Farther document* are Bated a the cootmueoon of Box C. Q Sco petcat sanity < 



of cited do* 



to bo of p ti wi hT wlwwoi 
•B* awtMT ooccmrat pobfabod oo or «fWr mo 

a* docueMO. which Bl 



drt* tad w« in fiaoiboi with 



1 fife* dot* 



documwl of portioutar nlraM; 0*0 cfcmod w»o 
oovd or eon 



■pom*) l— on <bs ipociftod) 



doubt on priority dn(i) or winch » 
da-) of i 



of. 

to ■Dvelv* m c 
wi&oooor 



•f docmsotf p»4Ht*>^ prior to tho t alimili or iEl Glint dWo but titer tboa 

tho priority doto cmaaod 



Date of the actual completion of the iotemationtl search 
01 APRIL 199S 



Date of muling of the mtematkmal search report 

j OWN 1998 , 



aad Tradanada 



Name aad mailing addreai of the ISA/US 
CamaMaaicacr ****** «d Timdemati 
Boa PCT 

Washington. D.C 20231 
Facsimile No. (703) 305-3230 



Authorized oi 

AKTHONY'SKAPARS 
TelepboaeNo. 003)308-; 




Form PCT/ISA/210 (second sheetXJuiy 1992)* 

WSQOCJD. <WO 96321 62M_L> 



This Page Blank (uspto) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record. 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 



U FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 



yl LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 




